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KH[DJRQ2QHPHWKRGLVWRGLYLGHHDFKRIWKHVL[KH[DJRQVHFWRUVLQWRPXOWLSOHHTXDOWULDQJOHVDQGFKHFNZKHWKHU
HDFKWULDQJOHHQFLUFOHVWKHWLSRI UHI9 1DWXUDOO\DVWKHQXPEHURIYROWDJHOHYHOVLQFUHDVHVWKHQXPEHUVRIERWKWKH
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VZLWFKLQJVWDWHYHFWRUVDQGWULDQJOHVHFWLRQVLQFUHDVH)RUWKHH[DPSOHFHOOOHYHOFRQYHUWHULWKDVLQWRWDO
WULDQJOHVLQRQHRIKH[DJRQVHFWRUVDVVKRZQLQ)LJEDQGLQWRWDOIRUWKHZKROHKH[DJRQ,QJHQHUDOLIQ
LVWKHQXPEHURIYROWDJHOHYHOVIURPWR9PD[RUWR±9PD[ LQFOXGLQJYROWOHYHOSHUSKDVHOLPEWKHWRWDO
QXPEHUVRIWULDQJXODUUHJLRQVQ7LV

7   QQ      
DQGWKHQXPEHURIVZLWFKLQJVWDWHVQ9UHTXLUHGWRV\QWKHVL]HDUHIHUHQFHYROWDJHIRUWKHFRQYHUWHUVWUXFWXUHVKRZQ
LQ)LJLVQ&RQVHTXHQWO\WKHPRGXODWLRQSURFHVVLQYROYLQJUHJLRQGHWHUPLQDWLRQVZLWFKLQJYHFWRUVHOHFWLRQ
DQGVXEVHTXHQWGXW\F\FOHFDOFXODWLRQEHFRPHVFRPSOLFDWHG7KLVFDQEHHYHQPRUHFXPEHUVRPHIRUFRQWUROOLQJ
DQ00&&)RUH[DPSOHDWKUHHSKDVHOHYHO)&00&&DVVKRZQLQ)LJKDVWZRFDVFDGHGIXOOEULGJH)&
FRQYHUWHUPRGXOHVSHUSKDVHOLPEVRLWLVUHJDUGHGDVWZRYROWDJHWLHUV(DFKSKDVHOLPE¶VOHIWKDQGVLGH/+6
KDOIEULGJH)&V$%DQG&IRUPDWKUHHSKDVHOHYHOFRQYHUWHUZKLFKKDVVZLWFKLQJVWDWHYHFWRUV7KLV
LVWKHVDPHWRWKH5+6KDOIEULGJH)&V$%DQG&)RUWKHFRQWURORIERWK/+6DQG5+6FRQYHUWHUVXVLQJWKH
FRQYHQWLRQDO PXOWLOHYHO 690 VFKHPH GHVFULEHG DERYH DOHYHO KH[DJRQ VKRXOG KDYH WZR UHIHUHQFH YROWDJH
YHFWRUV UHI9 DQG UHI9 WKDWDUHDQWLSKDVHWRHDFKRWKHUDVVKRZQLQ)LJD7KHVHPD\OLHLQLWLDOO\ZKHQW LQ
VHFWRUVDQGUHVSHFWLYHO\7DEOH,VKRZVWKHVPDOOWULDQJXODUUHJLRQVWKHUHIHUHQFHYROWDJHYHFWRUPD\EHLQ
FRUUHVSRQGLQJWRWKHPRGXODWLRQLQGH[UDQJHIURPWR7DEOH,,KLJKOLJKWVWKHFRQGLWLRQVXVHGLQGHWHUPLQLQJ
WKHVSHFLILFWULDQJOHUHJLRQDFFRUGLQJWRWKHYROWDJHYHFWRU¶VFRUUHVSRQGLQJĮȕFRPSRQHQWPDJQLWXGHVDVGHILQHG
LQHTXDWLRQV&OHDUO\WKHZKROHSURFHVVLVPRUHFRPSOLFDWHGWKDQZKHQFRQWUROOLQJWKHFODVVLFDOPXOWLOHYHO
FRQYHUWHUVVXFKDVDOHYHO13&
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
7DEOH,5HJLRQVHOHFWLRQEDVHGRQPD 9UHI9GF
0RGXODWLRQLQGH[PD 5HJLRQV
PD 5ĺ5
PD 5ĺ5
PD 5ĺ5
PD 5
)LJ&RQYHQWLRQDO0XOWLOHYHO690D+H[DJRQIRUDOHYHO690DQGE6HFWRURIWKHOHYHOKH[DJRQ

7DEOH,,6HOHFWLRQFULWHULDIRUUHJLRQV5ĺ5
&ULWHULD 5HJLRQV
9VĮ!96ȕ 5
9VĮ96ȕ9VĮ96ȕ! 5
9VĮ96ȕ 5
9VĮ96ȕ 5
9VĮ96ȕ 5
9VĮ96ȕ9VĮ96ȕ 5
9VĮ96ȕ! 5
,9 29(5/$33,1*08/7,+(;$*2163$&(9(&72502'8/$7,212+690
7KLVQHZVSDFHYHFWRUPRGXODWLRQVFKHPHVLPSOLILHVWKHPRGXODWLRQSURFHGXUHJUHDWO\IRU00&&V7KHUHDUH
WZRLPSOHPHQWDWLRQPHWKRGVGHSHQGLQJRQWKHW\SHRIKH[DJRQVXVHG
$ 2+690XVLQJ7ZROHYHO+H[DJRQV
7KLVLVSDUWLFXODUO\VXLWDEOHIRU00&&VFRPSULVLQJ/)%DVVXEPRGXOHV,WXVHVPXOWLSOHWZROHYHOKH[DJRQV
(DFKRIWKHPGHILQHVWKHVZLWFKLQJVWDWHVRIDOO/)%VXEPRGXOHVLQRQHWLHURIDQ00&&DVVHHQLQ)LJ$V
PHQWLRQHGEHIRUHHDFKIXOO+EULGJHVXEPRGXOHFRQVLVWVRIWZROHYHOKDOIEULGJHVWKHUHDUHVL[RIWKHPLQD
WLHUIRUPLQJWZRWKUHHSKDVHWZROHYHOLQYHUWHUV/+6DQG5+6RQHV:KLOHWKH/+6RQHV\QWKHVL]HVDUHIHUHQFH
D E
%
$
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YROWDJHYHFWRU UHI9   WKH5+6RQHV\QWKHVL]HV LWVFRXQWHUSDUW 
UHI9 ERWKDUH LQRQH WZROHYHOKH[DJRQIRU
GHWHUPLQLQJWKHVZLWFKLQJVWDWHVRIDOOVZLWFKHVLQRQHWLHU)RUDQ00&&RI/)%KDYLQJIRXUFDVFDGHGWLHUV
DQGJHQHUDWLQJOHYHOYROWDJHDWRWDORIKH[DJRQVDUHUHTXLUHGZKLFKDUHSURMHFWHGRQRQHSDLURIĮȕD[HVDV
VKRZQLQ)LJ
7KHWZROHYHOKH[DJRQ2+690FDQDOVREHXVHGIRU00&&RI/)&PRGXOHVDVVKRZQLQ)LJ7KRXJKLQ
WKLVFDVHWKHUHDUHRQO\WZRWLHUVLQWRWDOIRXUKH[DJRQVDUHVWLOOQHHGHGWZRIRUHDFKWLHU7KHVHKH[DJRQVDUH
SURMHFWHG RQ WKH VDPH Įȕ D[HV DQG DUH SKDVH VKLIWHG IURP HDFK RWKHU E\ DQ DQJOH Į6+ GHWHUPLQHG E\ WKH
IXQGDPHQWDOUHIHUHQFHVLJQDOSHULRG7DQGVDPSOHSHULRG76DQGWKHQXPEHURIFRPSOHPHQWDU\VZLWFKHVSHU
SKDVHOLPEQPSDV>@
 SD 6+ u¹¸
·
©¨
§
 7
Q7 PS6        
$VVXPLQJWKHUDWLRRIWKHVDPSOLQJSHULRGWRWKHIXQGDPHQWDOSHULRGLVHTXDWLRQJLYHVWKHSKDVHVKLIW
EHWZHHQHDFKRYHUODSSLQJKH[DJRQV UHVXOWLQJLQD'UHSUHVHQWDWLRQWKDWFRQWDLQVIRXULQWHUOHDYHG
KH[DJRQV,WLVZRUWKQRWLQJWKDWHDFKVXEPRGXOHFRQVLVWVRIWZRHLWKHUOHYHOKDOIEULGJHRUOHYHO)&KDOI
EULGJHVKHQFHWKHUHDUHVL[LQWRWDOLQDWLHU
6LQFHHDFKKH[DJRQLVSKDVHVKLIWHGE\Į6+UDGLDQVUHODWLYHWRWKHQH[WWLHUEHORZWKHDQJXODUYDOXHVRIERWK UHI9 
DQG 
UHI9 LQWKHUHOHYDQWKH[DJRQDUHGHWHUPLQHGE\WKHLUDQJOHVLQWKHVWKH[DJRQIRUORZHVWYROWDJHWLHUSOXVD
PXOWLSOHRIWKHSKDVHVKLIWĮ6+%RWKYROWDJHVDUHWLPHYDU\LQJVLQXVRLGDOIXQFWLRQVWKXVLIWKHSKDVHDQJOHIRU
UHI9   LQWKHKH[DJRQIRUWKHVWYROWDJHWLHUDW WLPHW LVșWUDGWKDWIRUWKHPWK WLHUDW WKHVDPHWLPHLQVWDQWLV
FDOFXODWHGDV
  UDGPWW 6+P DTT         
DQGWKHFRUUHVSRQGLQJ 
UHI9 LVGLVSODFHGE\IURPșP
,PSOHPHQWDWLRQRI2+690LQYROYHVILUVWO\GHWHUPLQDWLRQVRIH[DFWORFDWLRQVRI UHI9 DQG 
UHI9 LQHDFKKH[DJRQ
KHQFHWKHVZLWFKLQJVWDWHVWREHDSSOLHGWRVXEPRGXOHVZLWFKHVRIHDFKWLHU7KLVUHTXLUHVLGHQWLI\LQJWKHVHFWRU
QXPEHUDFFRUGLQJWRWKHUHIHUHQFHYROWDJHYHFWRUSKDVHDQJOHșPWIURPHTXDWLRQDWHYHU\VDPSOHWLPHLQVWDQW
LQDOHYHOKH[DJRQ:LWKPXOWLSOHRYHUODSSHGKH[DJRQVWKHVHFWRUQXPEHUVRIWKHUHIHUHQFHYROWDJHYHFWRUVLQ
HDFKKH[DJRQDUHGLIIHUHQWDWFHUWDLQVDPSOHLQVWDQWV7KLVFDQEHREWDLQHGIURPWKHH[SUHVVLRQLQEHORZZKLFK
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VKRZVWKH(XFOLGHDQGLYLVLRQRIWKHSHUFHLYHGDQJOHșPE\WKHVHFWRUDQJOHRUʌZKHUH61UHSUHVHQWVWKH
FXUUHQWVHFWRUQXPEHU
    PRG STSST P1P 6W       
$FFRUGLQJWRPDJQLWXGHVDQGDQJOHVRI UHI9 DQG 
UHI9 WKHVZLWFKLQJYHFWRUVIRUWKHVHPRGXOHVDQGWKHLUUHVSHFWLYH
GXW\UDWLRVDWHDFKVDPSOHLQVWDQWFDQEHFDOFXODWHGE\DSSO\LQJ WKHZHOONQRZQWZROHYHO690WHFKQLTXHDV
GLVFXVVHGLQ>@&OHDUO\WKHXVHRIPXOWLSOHWZROHYHOKH[DJRQVVLPSOLILHVWKHPRGXODWLRQDOJRULWKPDVFRPSDUHG
WRXVLQJRQHOHYHOKH[DJRQVVLQFHHDFKRIWKHWZROHYHOKH[DJRQVFRPSULVHVRQO\VZLWFKLQJVWDWHVWKHUHDUH
QRPXOWLSOHWULDQJXODUUHJLRQVKHQFHQRQHHGWRILQGZKLFKRQHRIWKHVL[WHHQWULDQJOHVDVLQWKHOHYHOFDVH
FRQWDLQLQJWKHUHIHUHQFHYHFWRUV UHI9 DQG 
UHI9 
,W LVLPSRUWDQW WRQRWHWKDWE\RYHUODSSLQJWKHKH[DJRQVWKHPHWKRGJLYHVHTXDOVZLWFKLQJSDWWHUQDQGVZLWFK
XWLOL]DWLRQIRUPRGXOHVDWGLIIHUHQWYROWDJHOHYHOVLQRQHSKDVHOHJ$QDORJRXVWRPXOWLOHYHOVLQHWULDQJOHSKDVH
VKLIW3:0VFKHPH>@ZLWKHDFKFDUULHUZDYHVKLIWHGLQWLPHWKLVHQVXUHVWKHIORDWLQJFDSDFLWRUVRIVXEPRGXOHV
LQWKHVDPHSKDVHOHJEHLQJFKDUJHGDQGGLVFKDUJHGHYHQO\KHQFHWKHLUYROWDJHVDUHEDODQFHGDWWKHVWHDG\VWDWH
)LJ VKRZV WKH IORZFKDUW IRU LPSOHPHQWLQJ WKH 2+690 XVLQJ OHYHO KH[DJRQV 7KH FRQWURO YDULDEOHV DUH
LQLWLDOL]HGE\ILUVWFRPSXWLQJWKHRYHUODSSLQJDQJOHEHWZHHQWKHKH[DJRQV7KHĮ6+DLGVLQWKHGHWHUPLQDWLRQRI
WKHVHFWRUV LQZKLFKWKHUHIHUHQFHYROWDJHYHFWRUV OLHLQHDFKKH[DJRQ2QFHWKHVHFWRU LV LGHQWLILHG WKHGZHOO
WLPHV RI WKH WKUHH FORVHVW YROWDJH YHFWRUV DUH FDOFXODWHG DQG DSSOLHG WR FRQWURO WKH FRQYHUWHU VZLWFKHV RI
FRUUHVSRQGLQJWLHU
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Į6+
+H[DJRQ+H[DJRQ
9UHI
9UHI¶
+H[DJRQ+H[DJRQ
ĮD[LV$D[LV
%D[LV
&D[LV ȕD[LV

)LJ7ZROHYHOKH[DJRQIRU2+690KLJKOLJKWLQJSKDVHVKLIWEHWZHHQHDFKKH[DJRQV
% 2+690XVLQJ7KUHHOHYHO+H[DJRQV
)RU)&00&&PRGXODWLRQWKUHHOHYHOKH[DJRQFDQDOVREHXVHG,QWKLVFDVHRQHWLHUFRPSULVHVVL[)&KDOI
EULGJHVKHQFHIRUPLQJWZRWKUHHSKDVH)&FRQYHUWHUVDVVKRZQLQ)LJ)RUDWKUHHOHYHOKH[DJRQWKHUHDUH
VZLWFKLQJVWDWHYHFWRUVDVVKRZQLQ)LJDDQGVHFWRURQHLVJLYHQLQ)LJE1DWXUDOO\IRU00&&LQ)LJ
ZLWKRQO\WZRWLHUVWZRVXFKKH[DJRQVERWKSURMHFWHGRQRQHSDLURIĮȕD[HVDUHQHHGHGDVVKRZQLQ)LJF
7KHSKDVHVKLIWDQJOHĮ6+EHWZHHQWKHVHRYHUODSSLQJOHYHOKH[DJRQVDUHHYDOXDWHGXVLQJWKHVDPHIRUPXOD
+HQFHLIWKHUDWLRRIWKHVDPSOLQJWLPHWRWKHIXQGDPHQWDOSHULRGLVDFFRUGLQJWRĮ6+  
UHVXOWLQJLQD'UHSUHVHQWDWLRQWKDWFRQWDLQVWZRLQWHUOHDYHGOHYHOKH[DJRQVZKLFKLVWZLFHWKHDQJOHIRUWKH
OHYHOKH[DJRQFDVH6LPLODUO\GXHWRWKHSKDVHVKLIWEHWZHHQKH[DJRQVWKHDQJXODUSRVLWLRQVRIERWK UHI9 DQG

UHI9 LQHDFKKH[DJRQDUHDOVRGLIIHUHQWDQGDUHHYDOXDWHGXVLQJHTXDWLRQ
^dZd
/ŶŝƚŝĂůŝǌĂƚŝŽŶŽĨ
ŽŶƚƌŽůsĂƌŝĂďůĞƐ
 ?DĂ ?ɽŵ ?Ĩ ?ĨƐ ?
KǀĞƌůĂƉƉŝŶŐĂŶŐůĞ
Į6+ĞƚĞƌŵŝŶĂƚŝŽŶ
^ĞĐƚŽƌ/ĚĞŶƚŝĨŝĐĂƚŝŽŶ
ŽĨĞĂĐŚZĞĨĞƌĞŶĐĞ
sŽůƚĂŐĞsĞĐƚŽƌƐ
sŽůƚĂŐĞsĞĐƚŽƌƵƚǇ
ZĂƚŝŽŽŵƉƵƚĂƚŝŽŶ
KƉƚŝŵŝǌĞĚ^ ǁŝƚĐŚŝŶŐ
sŽůƚĂŐĞsĞĐƚŽƌ
^ĞůĞĐƚŝŽŶ
'ĂƚĞWƵůƐĞ
'ĞŶĞƌĂƚŝŽŶ
E )LJ)ORZFKDUWIRUOHYHOKH[DJRQLPSOHPHQWDWLRQ
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6HFWRULGHQWLILFDWLRQ
&RPSDUHGWRWKHFDVHZKHQXVLQJWZROHYHOKH[DJRQVWKLVLVVOLJKWO\PRUHFRPSOLFDWHG)LUVWO\LWVWLOOUHTXLUHV
GHWHUPLQLQJH[DFWORFDWLRQVRIWKHUHIHUHQFHYROWDJHYHFWRUVKHQFHWKHVZLWFKLQJVWDWHVWREHDSSOLHGWRVZLWFKHV
LQHDFKWLHU+RZHYHUWKLVLQYROYHVLGHQWLI\LQJWKHVHFWRUQXPEHUDQGDOVRORFDWLQJLWVYHUWH[LQRQHRIWKHIRXU
WULDQJOHVZLWKLQWKHVHFWRUVDWHYHU\WLPHLQVWDQW,GHQWLILFDWLRQRIVHFWRUZKHUHHDFKUHIHUHQFHYROWDJHYHFWRUOLHV
FDQEHGHWHUPLQHGXVLQJ
5HJLRQVHOHFWLRQ
7RILQGZKLFKWULDQJXODULQWKHFKRVHQVHFWRUWKHUHIHUHQFHYROWDJHYHFWRUVDUHLQFRQVLGHULQJ UHI9 WKLVLVUHVROYHG
E\HYDOXDWLQJYROWDJHYHFWRU¶VFRUUHVSRQGLQJRUWKRJRQDOFRPSRQHQWV96Į96ȕDV
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ZKLFKDUHVKRZQLQ)LJ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7KHYDOXHVHVWLPDWHGDERYHDUHWKHQXVHGWRLGHQWLI\WKHUHOHYDQWWULDQJOHDFFRUGLQJ
WRUXOHVJLYHQLQ7DEOH,,,)RUPD!WKHUHJLRQVDUHVHHQWREHVHOHFWHGEHWZHHQDQGVHHLQ)LJ
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7DEOH,,,5HJLRQVHOHFWLRQ&ULWHULD  '&UHID 990  
5HJLRQ 5HJLRQ 5HJLRQ 5HJLRQ

96Į!0D
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96ȕ0D
_96Į96ȕ_!0D

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)LJ5HJLRQVHOHFWLRQIRUPD!
2QFHWKHFRUUHFWWULDQJOHUHJLRQLVLGHQWLILHGWKHVZLWFKLQJVWDWHVFDQEHGHWHUPLQHGDVWKHWKUHHYHFWRUVORFDWHG
FORVHVW WRWKHYHUWLFHVRIWKHFKRVHQUHJLRQ+RZHYHUIRUDQ00&&ZLWK/)&FRQYHUWHUVXEPRGXOHVHDFK
ORFDWLRQFRUUHVSRQGVWRIRXUVZLWFKLQJVWDWHVWZRRIWKHVHDUHLQGHSHQGHQWEXWWKHRWKHUWZRJLYHWKHVDPHYROWDJH
OHYHOZLWKGLIIHUHQWVZLWFKLQJVWDWHVGXHWRWKHLQQHUIORDWLQJFDSDFLWRUVLQWKHPRGXOH)RUH[DPSOHWKHVZLWFKLQJ
YHFWRUVIRUVHFWRUWULDQJOHDUHDQGVKRZQLQ)LJE7KHODWWHUWZRFUHDWHUHGXQGDQF\DQG
WKHRQHWREHFKRVHQVKRXOGEHDEOHWRUHEDODQFHWKHIORDWLQJFDSDFLWRUYROWDJH7KHFRUUHVSRQGLQJWKUHHGXW\
F\FOHV7D7EDQG7FDUHFDOFXODWHGXVLQJIRUPXODHLQ7DEOH,9DWHYHU\VDPSOHLQVWDQWRIGXUDWLRQ76DQGVKRXOG
VDWLVI\WKHFRQGLWLRQ
FEDV 7777         
2SWLPDOVZLWFKLQJVWDWHYROWDJHYHFWRUVHTXHQFH
7KH VHTXHQFHRI VZLWFKLQJ VWDWHV DSSOLHG IRU00&&V RI /)& PRGXOH IROORZV FULWHULDRIREWDLQLQJ QDWXUDO
EDODQFLQJRIWKHIORDWLQJFDSDFLWRUYROWDJHVDQGKDYLQJWKHOHDVWQXPEHURIVZLWFKHVFKDQJLQJVWDWHVSHUVDPSOH
LHVZLWFKWUDQVLWLRQKHQFHUHGXFLQJVZLWFKLQJORVVHV6HOHFWLRQRIWKHRSWLPDVZLWFKLQJVHTXHQFHIRUVDWLVI\LQJ
WKHDERYHFULWHULDFDQEHVHHQIURPDQH[DPSOHDVIROORZLQJ&RQVLGHUWKHFDVHZKHQ UHI9 LVLQVHFWRUUHJLRQ
5WKUHHVZLWFKLQJVHTXHQFHVFDQEHDSSOLHGZLWKLQDVDPSOHSHULRGWKHVHDUH
ĺĺĺĺĺĺĺ  VHTXHQFH
ĺĺĺĺĺĺĺ  VHTXHQFH
ĺĺĺĺĺĺĺ  VHTXHQFH
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(DFKRIWKHVZLWFKLQJYHFWRUVLQRQHRI WKHDERYHVHTXHQFHVH[SUHVVHVWKHVZLWFKLQJVWDWHV IRUWKUHH/)&
SKDVHOLPEVHLWKHU/+6RU/+66LQFHWKHUHDUHWZRFRPSOHPHQWDU\VZLWFKSDLUVLQDSKDVHOLPERI/)&LH
6D6DDQG6D6DDVVHHQLQ)LJPHDQVSKDVH$OLPE6DRQDQG6DRIIERWKSKDVHV%DQG&6DRQ
DQG6DDUH DOORII   PHDQVSKDVH $ OLPEERWK6DDQG6DRQ  ,Q DQDO\]LQJ WKHVH VHTXHQFHSDWWHUQV WKH
GLUHFWLRQRIFXUUHQWIORZLQJLQWKHVXEPRGXOHLVWDNHQWREHSRVLWLYHRXWWREHQHJDWLYHWKXVWKHFDSDFLWRU&DLV
LQFKDUJLQJPRGHZKHQ6DDQG6DVWDWHFRPELQDWLRQLVLQGLVFKDUJLQJLVDQGE\SDVVLQJLVRU
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)LJ6HFWRUUHJLRQVHTXHQFHSDWWHUQV
$OO WKUHHVHTXHQFHVVDWLVI\WKHILUVWUHTXLUHPHQWVLQFHWKH\DOOHQVXUHHTXDOFKDUJHGLVFKDUJHGXUDWLRQVRI&D
+RZHYHULQWHUPVRIVZLWFKWUDQVLWLRQDFWLRQVHTXHQFHVKRZVWKHOHDVWQXPEHURIWUDQVLWLRQFRPSDUHGWRWKH
RWKHUVHTXHQFHVDQGWKXVEHLQJDSSOLHG7KLVPHWKRGLVXVHGLQHYHU\VDPSOHLQWHUYDOLQWKHLPSOHPHQWDWLRQ
7DEOH9VKRZVWKHVZLWFKLQJVWDWHYHFWRUVHTXHQFHWDEOHIRULPSOHPHQWLQJWKHOHYHOKH[DJRQ690ZKHUH8 9UHI
DQG9 9UHI¶GHQRWHWKHYHFWRUVXVHGIRUWKH/+6DQG5+6OLPEVRIWKHIXOOEULGJH)&FRQYHUWHULQDWLHURYHURQH
VZLWFKLQJSHULRG7V+HUH UHI9 LVORFDWHGLQVHFWRUUHJLRQDQG 
UHI9 LVORFDWHGLQVHFWRUUHJLRQRIWKHOHYHO
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KH[DJRQ%\FRQYHQWLRQLQ6907VDQGFDOFXODWHGVZLWFKLQJYHFWRU WLPHV7D7EDQG7FDUHVSOLW LQKDOIDQG
DUUDQJHGDVVKRZQLQ7DEOH9,WFDQEHREVHUYHGWKDWDOOIORDWLQJFDSDFLWRUVRI/+6DQG5+6)&PRGXOHVDUH
EHLQJFKDUJHGDQGGLVFKDUJHGDQGYLFHYHUVDIRUDQHTXDOQXPEHURIWLPHVZLWKLQD7VF\FOH:LWKWKLVDSSURDFK
LPSOHPHQWHGIRUDOOWKHWULDQJOHUHJLRQVRIWKHOHYHOKH[DJRQVRSWLPDOQDWXUDOYROWDJHEDODQFLQJRIWKH/
)&PRGXOHVFDQEHDFKLHYHG
)LJVKRZVWKHIORZFKDUWIRULPSOHPHQWLQJWKHOHYHOKH[DJRQWHFKQLTXHZKLFKLVVLPLODUWRWKDWZKHQXVLQJ
WKHOHYHOKH[DJRQVDVVKRZQLQ)LJ([FHSWLWKDVDQDGGLWLRQDOSDUWIRUWKHUHJLRQVHOHFWLRQ
9 6,08/$7,21678',(6
7RYDOLGDWHWKHRYHUODSSLQJKH[DJRQ690PHWKRGVERWKWKHOHYHODQGOHYHOKH[DJRQVFKHPHVDUHDSSOLHGWR
FRQWURODQ00&&KDYLQJWZR/)&EULGJHVSHUSKDVHOLPEYLDVLPXODWLRQ7KHUHVXOWVDUHFRPSDUHGZLWKWKDW
XVLQJWKHFRQYHQWLRQDOPXOWLOHYHO690PHWKRGLQWHUPVRIZDYHIRUPTXDOLW\VZLWFKLQJORVVHVQDWXUDOEDODQFLQJ
FDSDELOLW\RIWKHLQQHUIO\LQJFDSDFLWRUDQGFRPSXWDWLRQDOFRPSOH[LW\,QDGGLWLRQWKHOHYHOKH[DJRQ690LV
DSSOLHG WRFRQWURODQ00&&KDYLQJIRXU/)%SHUSKDVHDQG WKHUHVXOWVDUHFRPSDUHGZLWK00&&RI WZR
FDVFDGHG/)&VSHUSKDVH7KHSDUDPHWHUVRIVXEPRGXOHV/)&DQG/)%DUHOLVWHGLQ$SSHQGL[
7DEOH,9'XW\&\FOHFDOFXODWLRQIRUPXODH
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7DEOH99HFWRUFRPELQDWLRQFKDUWVKRZLQJRSWLPL]HGVHTXHQFHRIVZLWFKLQJVWDWHVIRU/+6DQG5+6VZLWFKHV
ZKHQ9UHILQUHJLRQVHFWRUDQG9UHI¶LQUHJLRQVHFWRU
*UHHQ FKDUJLQJVWDWHDQG5HG GLVFKDUJLQJVWDWH
^dZd
/ŶŝƚŝĂůŝǌĂƚŝŽŶŽĨ
ŽŶƚƌŽůsĂƌŝĂďůĞƐ
 ?DĂ ?ɽŵ ?Ĩ ?ĨƐ ?
KǀĞƌůĂƉƉŝŶŐĂŶŐůĞ
Į6+ĞƚĞƌŵŝŶĂƚŝŽŶ
^ĞĐƚŽƌ/ĚĞŶƚŝĨŝĐĂƚŝŽŶ
ŽĨĞĂĐŚZĞĨĞƌĞŶĐĞ
sŽůƚĂŐĞsĞĐƚŽƌƐ
ZĞŐŝŽŶ^ ĞůĞĐƚŝŽŶ
sŽůƚĂŐĞsĞĐƚŽƌƵƚǇ
ZĂƚŝŽŽŵƉƵƚĂƚŝŽŶ
KƉƚŝŵŝǌĞĚ^ ǁŝƚĐŚŝŶŐ
sŽůƚĂŐĞsĞĐƚŽƌ
^ĞůĞĐƚŝŽŶ
'ĂƚĞWƵůƐĞ
'ĞŶĞƌĂƚŝŽŶ
E )LJ)ORZFKDUWIRUOHYHOKH[DJRQLPSOHPHQWDWLRQ

$$SSOLFDWLRQRI2+690VFKHPHVWR00&&RI/)&0RGXOHV
)LJDIVKRZWKHYROWDJHDQGFXUUHQWZDYHIRUPVSURGXFHGUHVSHFWLYHO\XVLQJFRQYHQWLRQDOPXOWLOHYHO690
DQGWKRVHVKRZQLQ)LJDIDQG)LJDIDUHUHVSHFWLYHO\IURP2+690VFKHPHVXVLQJOHYHOKH[DJRQ
DQGOHYHOKH[DJRQ$VFDQEHVHHQDOOWKHVHVFKHPHVOHDGWRWKHFRQYHUWHUJHQHUDWLQJOHYHOSHDNWRSHDN
RXWSXWSKDVHYROWDJHVZLWKJRRGKDUPRQLFSHUIRUPDQFH+RZHYHUWKHYROWDJHDQGFXUUHQWZDYHIRUPVJHQHUDWHG
IURPXVLQJWKHOHYHODQGOHYHO2+690VKRZEHWWHUSHUIRUPDQFHWKDQWKDWIURPWKHFRQYHQWLRQDOPXOWLOHYHO
690PHWKRGDVVKRZQE\LWVSKDVHDQGOLQHOLQHYROWDJHZDYHIRUPVLQ)LJ7KLVLVDOVRFOHDUIURPYROWDJH
VSHFWUDDQG7+'YDOXHVZKLFKDUHDOOORZHUWKDQWKHRQHVJLYHQE\WKHFRQYHQWLRQDOPHWKRGDVOLVWHGLQ7DEOH9,
SKDVH 7D 7E 7F 7D 7D 7F 7E 7D
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)RUWKHSKDVHOLPERXWSXWYROWDJHWKHKDUPRQLFVDSSHDUDVVLGHEDQGVFHQWHUHGDURXQGDQGWLPHVRIWKHDFWXDO
VZLWFKLQJIUHTXHQF\IRUOHYHOOHYHOKH[DJRQPHWKRGVEXWRQO\WLPHVZLWKXVLQJFRQYHQWLRQDO690LHIRU
OHYHOKH[DJRQ   RIK INPMI r  OHYHOKH[DJRQ   RIK INPMI r  DQGIRUFRQYHQWLRQDO690   RIK INPMI r 
ZKHUHILVWKHIXQGDPHQWDOIUHTXHQF\M «DQGVLGHEDQGLQGH[N «RGGLQWHJHUV)RUOLQHYROWDJH
VLGHEDQGLQGH[N «RGGLQWHJHUVH[FOXGLQJRGGPXOWLSOHVRI
7KH 7+' YDOXHV IRU WKH SKDVH DQG OLQHOLQH YROWDJH ZDYHIRUPV DUH   IRU OHYHO KH[DJRQ DQG
IRUOHYHOKH[DJRQ7KHGLIIHUHQFHVLQWKHVHYDOXHVDUHGXHWRWKHIDFWWKDWIRUWKHOHYHOKH[DJRQ
PRUHKDUPRQLFHOHPHQWVDSSHDUDVWKHVLGHEDQGDURXQGWKHWKPXOWLSOHRIWKHVZLWFKLQJIUHTXHQF\ZKLOVWIRUWKH
OHYHOKH[DJRQWKHVHKDUPRQLFVDUHVLJQLILFDQWO\ORZHUDQGRQO\DSSHDUDVVLGHEDQGVFHQWHUHGDURXQGPI
)URPWKHDERYHVSHFWUDDQDO\VLVLWFDQEHVHHQWKDWXVLQJWKHVDPHVZLWFKLQJIUHTXHQF\IVIRUWKHVXEPRGXOHVDW
HDFK WLHU WKHHIIHFWLYH VZLWFKLQJ IUHTXHQFLHVIV VHHQ DFURVV WKH UHVXOWDQWSKDVHYROWDJHZDYHIRUPV IRUHDFK
PHWKRGVDUHLQFUHDVHG7KLVGLIIHUHQFHLVGXHWRWKHWLPHVWDJJHULQJRURYHUODSSLQJHIIHFWEHWZHHQYROWDJHWLHUV
)RUFRQYHQWLRQDO690PHWKRGIV IVGXHWRXQLSRODUVZLWFKLQJZKLOHIRU/DQG/KH[DJRQPHWKRGV WKH
HIIHFWLYHVZLWFKLQJIUHTXHQFLHVDUHUHVSHFWLYHO\IVDQGIV,QRWKHUZRUGVWKHUHDUHPRUHWUDQVLWLRQVLQWKHRXWSXW
ZDYHIRUPEHFDXVH WKH\DUHVSDFHGRXW LQ WLPH7KHVZLWFKLQJ ORVVHVDUHQRW LQFUHDVHGEHFDXVH WKHQXPEHURI
VZLWFKWUDQVLWLRQVSHUF\FOHLQHDFKWLHULVQRWLQFUHDVHG7KXVLIXVLQJWKH/KH[DJRQRYHUODSSLQJPHWKRGIRU
REWDLQLQJWKHVDPHHIIHFWLYHIUHTXHQF\DVWKDWRIWKHFODVVLF690WKHDFWXDOVZLWFKLQJIUHTXHQF\IRUVXEPRGXOHV
FDQEHORZHUHGWRRQO\WKRIWKDWXVHGIRUWKHFRQYHQWLRQDOPHWKRG,I/KH[DJRQLVXVHGWKHDFWXDOVZLWFKLQJ
IUHTXHQF\FDQEHDKDOI7KHUHGXFWLRQRIVZLWFKLQJIUHTXHQF\FHUWDLQO\UHGXFHVWKHVZLWFKLQJORVVHVDQGLVQRWDW
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RIIUHHGRPWRVKDSHWKHYROWDJHZDYHIRUP
7KHDERYHVLPXODWLRQVWXGLHVVKRZFOHDUO\WKHDGYDQWDJHRIXVLQJ2+690RI/HYHOKH[DJRQVFKHPHLHLW
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FDSDFLWRUVKHQFHUHGXFLQJWKHFRVWVDQGIRRWSULQWRIWKHFRQYHUWHUV
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DG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FRQYHUWHUV7KHPHWKRGLVEDVHGRQXVLQJPXOWLSOHRIRYHUODSSHGOHYHORUOHYHOKH[DJRQVHDFKFRSHVZLWKRQH
WLHURIWKHFRQYHUWHU7KHDSSURDFKKDVWKHIROORZLQJDGYDQWDJHVWKHRYHUODSSLQJHIIHFWJLYHVHTXDOVZLWFKSDWWHUQ
DQGXWLOL]DWLRQIRUPRGXOHVDWGLIIHUHQWYROWDJHOHYHOVLQRQHSKDVHOHJKHQFHLWEULQJV/)%FDSDFLWRUYROWDJH
EDODQFH7KHPHWKRGVLPSOLILHVWKHVZLWFKLQJYHFWRUVHOHFWLRQDQGGXW\F\FOHFDOFXODWLRQSURFHGXUHFRPSDUHGWR
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YROWDJHZDYHIRUPVRIWKHKDUPRQLFSHUIRUPDQFH6LPXODWLRQUHVXOWVVKRZWKDWWKHEHVWZDYHIRUPSHUIRUPDQFH
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